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• Physics motivation and current status

• Reminder about Fermilab and J-PARC approaches

• Frozen-spin approach at PSI
• Principle of the measurement

• Current status

• muEDM collaboration

• Summary and outlook

Outline
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Physics Motivation for EDMs

Why are EDMs interesting to measure?

• A search for new physics which is “background-free”

• The contribution from SM’s CKM matrix is too small (de ~ 10-44 e cm)


• Many BSM models predict large EDMs

• Complementary to LHC searches


• Matter-antimatter asymmetry requires more CPV

• EDMs are good probes of BSM CPV


• In some BSM models, muon g-2 and EDM are connected!

• Once the muon g-2 discrepancy is confirmed, the corresponding signal may 

show up in the muon EDM searches
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• Standard Model prediction

• CKM contribution: 


• Experimental bounds

• Muon: 


• Electron: 


• Indirect bounds


• Minimal flavor violation: 


• Decoupled e-μ sector (EFT): 


• EDMs of heavy atoms: 

dCKM
μ ∼ 10−42 e ⋅ cm

dEXP
μ < 1.8 × 10−19 e ⋅ cm (95 % C . L.)

dEXP
e < 1.1 × 10−29 e ⋅ cm (90 % C . L.)

|dμ | =
mμ

me
|de | < 2.3 × 10−27 e ⋅ cm

|dμ | < 0.9 × 10−20 e ⋅ cm

|dμ | < 2 × 10−20 e ⋅ cm

Current status for muon EDM

ACME collab., Nature 562 (2018) 355

BNL Muon (g-2) collaboration, PRD 80 (2009) 052008

PLB 500 (2001) 161
NPB 645 (2002) 155
JHEP 08 (2014) 019

PRL 128 (2022) 131803

PRD 98 (2018) 113002

PRD 89 (2014) 056006
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BSM/EFT models with large EDM

PLB 831 (2022) 137194PRD 98 (2018) 113002

EFT Analysis Muon specific 2HDM



6

BNL/Fermilab Muon EDM search

• Three approaches from BNL/FNAL experiment:
• Vertical Angle Oscillation (Tracker)
• Vertical Position Oscillation (Calorimeter)
• Vertical Phase Gradient (Calorimeter)

Talk from Sam Grant

PRD 80 (2009) 052008
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J-PARC Muon EDM search
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Tracker-only measurementDetector misalignment

Systematics from axial E-field and

radial B-field can be neglected

PTEP 2019 (2019) 5, 053C02

Talk from Ce Zhang
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• How can we improve the sensitivity of the muon EDM search?

• In the parasitic approach, the tilt angle is the limiting factor

• For an EDM below 10-21 e cm, it will be very challenging to measure this 

small angle (multiple scattering effect + systematics like alignment)

Can we going beyond 10-21 e cm?

A new idea is needed!
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The “frozen-spin” technique

⃗ω s − ⃗ω c = −
e
m {a ⃗B + ( 1

γ2 − 1
− a)

⃗β × ⃗E
c

+
η
2 (

⃗E
c

+ ⃗β × ⃗B )}
ωη: EDMωa : g-2

Frozen

spin

B-field

only

• Developed in 2004 for the muon


• Freeze g-2 component by applying a radial E-field of ~ aBcβγ2 

→ no anomalous precession in the storage plane 
→ EDM causes an increasing vertical polarization

PRL 93 (2004) 052001 
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Putting everything together
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Principle of the FS-EDM measurement

• Up-down asymmetry measured using upper and lower detectors
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muEDM at PSI with the FS approach

Muon EDM search at PSI will commence in two phases:

Phase 1 @ 28 MeV/c

d~10-21 e cm by 2026

Phase 2 @ 125 MeV/c

d~10-23 e cm by 2031
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Potential beamlines for muEDM

Phase 1 @ πE1

28 MeV/c, ~106/s

Phase 2 @ μE1

125 MeV/c, ~108/s

PSI Experimental Hall
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The general experimental idea

● Muons enter the uniform magnetic field
● A radial magnetic field pulse stops them within a 

weakly focusing field where they are stored
● Radial electric field ‘freezes’ the spin so that the 

precession due to the g-2 is cancelled
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muEDM Precursor at PSI (Phase 1)

Develop key technologies and 
design the final instrument 
• Full MC model

• Full FEM model 

• Analysis and DAQ

• Nested electrode system with a 

minimal material budget for the 
frozen-spin technique


• Pulsed magnetic field to kick 
muons on a stable orbit


• Injection channel made of a 
superconducting shield 

Proof-of-principle of the frozen spin technique 
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Precursor experiment at E1@PSIπ

• Surface muon beam at 


• Muon rate 


• Test bed for development

• Demonstration of storage and detection 

of g-2/EDM, e.g. with PSC magnet 



• The larger the bore the better for 
instrumentation!

28 MeV/𝑐

~3 × 106

∅ = 200 mm

PSC

Phase 1 @ πE1

28 MeV/c, ~106/s
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Muon beam injection
Vertical Phase Space

Horizontal Phase Space

• Beam injection through “field-free” 
region

• Defines vertical and horizontal 
phase space for beam storage
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Entrance trigger and storage simulation



19

• Current considerations:
• Barrel detector made of pixelated  

HV-MAPS silicon sensors
• Fast exit signal by scintillators (e.g. fibers) 

to lift veto for next muon entrance  
(one muon at a time measurement)

Positron trackers for EDM measurement



20

• 2019
• Characterization of potential beam lines

• 2020
• Study multiple scattering of positrons at low momenta

• 2021
• Characterization of potential electrode material with  

positrons and muons

• 2022
• Performance test of entrance/collimating channel
• Performance test of TPC muon tagger/tracker

Annual beam tests at PSI
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Beam measurement at E1/µE1  (BT 2019)π
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• Study multiple scattering of positrons at low 
momenta with using 3-plane MALTA telescope

• Matrix of 512 × 512 pixels

• Pixels of 36.4 × 36.4 μm2

• sensor thickness: ~300 μm


•  e+: 20 — 85 MeV/c 

• Tested 2 configurations: 
→ MALTA as active target 
→ MALTA + Kapton/Mylar 

Study of multiple scattering  (BT 2020)



23

• Characterization of potential 
electrode material with 
positrons and muons

Screening electrode materials (BT 2021)



• Muon tagger/tracker (done in June!)
• Track resolution
• Multiple scattering on gas and  

windows

• Muon entrance detector
• Collimation efficiency
• Thickness to minimize multiple  

scattering while having enough  
light yield

• Specular reflections on scintillators
24

Beam time @ PSI in 2022

Muon collimating

channel

Muon

tracker
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Projected Final Sensitivity of 10-23 e cm

Key parameters Symbols Phase 1 @  
28 MeV/c

Phase 2 @

125 MeV/c

Muon beam rate 2 x 106 s-1 1.2 x 108 s-1

After collimation 1 x 106 s-1 (𝜀=50%) 1.2 x 108 s-1 (𝜀=0.5%)

After beam injection 3 kHz (𝜀=0.3%) 480 kHz (𝜀=60%)

Gamma factor 𝛾 1.03 1.77

Initial polarization P 0.95 0.95

Electric field Er 0.3 MV/m 2 MV/m

Positron

detection rate 0.5 kHz 80 kHz

Muon decay 
asymmetry 𝛼 0.3 0.3

Detections (200 days) N 4x1011 1012

Sensitivity < 3 x 10-21 e cm < 6 x 10-23 e cm
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• Systematics: all effects that lead to the real or apparent precession of 
the spin mimicking EDM signal
• BNL/FNAL EDM searches provided very good guidance:
• Misalignment in fields and detectors

• Variation in detection efficiency

• New type of systematics inclusively for frozen-spin approach

• Derive specifications of all technical designs of the experiment
• Careful analysis of systematics using toyMC and Geant4 simulations

Potential systematic effects
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Growing collaboration!



28

Collaboration activities

+ monthly meetings and online collaboration meetings in between



29

Collaboration Organization

Making good progress in collaboration strategy in realizing the experiment! 
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Phase I (precursor) Phase II (final)
Year

Simulations general
Instrument concept

Magnetic field
Magnetic pulse

SC shielded channel
High voltage

Detectors
Data acquisition

EDM measurement

Simulations general 
Dedicated Magnet

Magnetic pulse
SC shielded channel

High voltage
Muon detectors
Positron tracker
Data acquisition
Commissioning

EDM measurement
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HIPA LS

Schedule and milestone



Muonphilic dark matter

Muonic Vector DMDetection Reach for ALP-Muon Wind

Detection Reach for Muon EDM Coupling

31
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Summary and outlook
Year

Simulations general
Instrument concept

Magnetic field
Magnetic pulse

SC shielded channel
High voltage

Detectors
Data acquisition

EDM measurement

Simulations general 
Dedicated Magnet

Magnetic pulse
SC shielded channel

High voltage
Muon detectors
Positron tracker
Data acquisition
Commissioning

EDM measurement
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• Exciting time ahead as many storage ring EDM experiments (like proton/
deuteron) will come online in the next few years

• Muon EDM experiments are also sensitive to muonphilic dark matter models

• We may have a better picture of the muon g-2 puzzle by then and results from 

EDMs will provide complementary information about muon sector BSM physics

Phase 1 @ πE1

28 MeV/c, dμ < 3 × 10−21 e ⋅ cm

Phase 2 @ μE1

125 MeV/c, dμ < 6 × 10−23 e ⋅ cm


